For this conceptual study we focus on the impact of interactive stratospheric ozone chemistry on the tropospheric circulation, using the atmosphere-ocean- Due to changes in lower stratospheric ozone concentrations a significant cooling appears in the positive AO-phase compared to the negative phase.
Introduction
A current development in coupled climate modeling is to integrate more and more model components in order to detect and to discuss possibly relevant feedback loops between them. Thus, beside the main components atmosphere and ocean, the influences of e.g. atmospheric chemistry, carbon cycles, land use, sea ice, soil and other climate factors are under examination. In this conceptual study we focus on stratospheric ozone chemistry, since some of the most important chemical species such as O 3 , CO 2 , CH 4 or N 2 O are also controlling the middle atmospheric circulation. This is due to the differential warming by absorption of incoming solar ultraviolet-and outgoing terrestrial infrared radiation by these greenhouse gases. However, since there is increasing evidence for a strato-tropospheric dynamical coupling [e.g. Holton et al., 1995; Song and Robinson, 2004; Scaife et al., 2005] , changes in stratospheric greenhouse gas concentrations anddistributions are likely also to exert a relevant impact on the tropospheric circulation. In turn, the stratospheric chemistry is affected by changes of the stratospheric dynamics, where the intense temperature dependency is most important. But also the accumulation of trace gases is generally altered by the meridional mean circulation, which is connected with the wave forcing by ascending tropospheric planetary waves [Eichelberger and Hartmann, 2005] . Because of such complex dependencies the explicit consideration of the interactive coupling between stratospheric chemistry and -dynamics appears to be a crucial issue. As a comprehensive model for such a purpose we used the AOGCM ECHOGiSP with simplified stratospheric chemistry. In this paper we discuss differences between
the results of two 150 year runs, as well as the internal variability in one of these runs, focusing on the troposphere.
Model and Experiments
ECHO-GiSP (ECHO − G with Integrated Stratospheric chemistry by AWI Research Unit P otsdam) is an extension of the coupled AOGCM ECHO-G [Legutke and Voss, 1999] , where a chemistry part based on the MECCA chemistry module [see Sander et al., 2005] was added. The model includes the 39-level middle atmosphere version [e.g. Manzini and McFarlane, 1998 ] of the atmosphere model ECHAM4 [Roeckner et al., 1996] with a model top at 1 Pa (80 km). It was applied at a spectral resolution of T30. As ocean component the ocean-sea ice model HOPE-G [Wolff et al., 1997] is utilised, using a horizontal resolution of T42 with a refinement towards the equator, and a vertical resolution of 21 levels. For heat and freshwater exchange between the atmosphere-and the ocean component a flux correction is applied.
The chemistry scheme, added to the ECHAM-part of ECHO-GiSP, allows gas phase re- Furthermore, since our main focus was on impacts of stratospheric chemistry, data from the KASIMA chemistry transport model [Kouker et al., 1999] 
Simulated Tropospheric Response to Interactive Stratospheric Chemistry
As an indicator for the tropospheric variability, respectively its changes due to the interactive stratospheric chemistry in COUP compared to REF, we first discuss the geopotential height at the 500-hPa pressure level (z 500 ). Thereby in this study we focus on the For both simulations a principal component analysis (PCA) was carried out to study spatio-temporal variations, using the unfiltered 120-year z 500 -data sets. Here we show the first PC (PC1), belonging to the leading mode of variability (EOF1), and the associated wavelet transform spectrum [Torrence and Compo, 1998 ] for COUP (figure 2). The spatial pattern of EOF1 (not shown) is close to the AO-like difference pattern COUP-REF in figure 1a . This is consistent with the AO definition of Baldwin and Dunkerton [1999] who determined the AO using EOF1 of a composite of normalized geopotential height anomalies from pressure levels between 1000 and 10 hPa. The temporal structure of PC1 detected in previous studies as e.g. by Polvani and Kushner [2002] or Norton [2003] . In the upper troposphere and lower stratosphere negative values of the zonal wind differences (also figure 3a) hint on a weakening of the modeled subtropical jets under AO+ conditions.
The tropospheric temperature differences ( figure 3b) show negative values of 0.5 to 1 K in the tropics. This cooling effect for AO+ compared to AO− is significant on a confidence level of 95%. Above the tropical cooling there is a lower stratosphere warming of up to 1 to 2 K. Finally ( figure 3c ) the lower stratospheric differences of the zonal mean ozone concentrations indicate more ozone in the tropics and less ozone towards the higher latitudes for AO+. This ozone difference pattern between the AO phases is likely due to a reduced meridional exchange of air masses as a response to the stronger polar stratospheric vortex in this phase of the AO.
Discussion and Conclusions
In this paper it has been shown that the consideration of an interactive stratospheric chemistry scheme can be substantial for climate sensitivity studies even if it is used in a rather simplified way. In particular our results indicate that the tropospheric circulation is clearly affected by the way how the stratospheric ozone chemistry is treated within the model simulations. Among others we detected changes in the DJF z 500 -field, resembling the structure of the Arctic Oscillation ( This enhancement is consistent with the preference of the more disturbed AO− phase in COUP, but overlayed by a locally anticorrelated behaviour of the two wave types. A possible reason for this anticorrelation, though still speculative at our degree of knowledge demonstrated within this paper, might be due to a quasi-stationary behaviour of the potentially available wave energy on shorter timescales (up to months). On longer timescales (between seasons or from year to year, simulation to simulation) the available wave energy mainly changes with the mid-to highlatitude temperature gradient, allowing systematic setoffs in stormtrack and planetary wave activity. We plan to adress this issue of wave dynamics and interactions in a forthcoming paper.
From previous studies as Scaife et al. [2005] it is already known that at least in mid- 
